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Specification 

1 . Name of Invention 

Non-volatile Semiconductor Memory Device 

2. Patent Claims 

(1 ) A non-volatile memory device wherein the presence or absence of a stored electrical charge 

corresponds to binary information where, a non-volatile semiconductor memory element, wherein the 
threshold voltage changes depending on whether or not there is said stored electrical charge, is used 
as the memory element, wherein there is a built-in judgment circuit that judges whether or not the 
threshold value of the aforementioned memory element at the applicable address exceeds a specific 
value each time there is a write operation to each address, and there is a built-in means for outputting 
to the outside a signal when it has been detected by said judgment circuit that the threshold value for 
said memory element exceeds said specific value. 

3. Detailed Explanation of the Invention 
(Area of Application in Industry) 

The present invention relates to field effect transistors, and in particular, relates to an improvement to 
memory devices that use so-called non-volatile memory transistors wherein the threshold value 
changes according to the data and that store data for an extended period of time, so that the writing 
of data to memory can be done quickly and reliability. 
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(Prior Art) 



Types of the non-volatile memories that use field effect transistors include Floating gate Avalanche 
injection MOS (FAMOS), wherein an avalanche phenomenon is generated in the vicinity of the drain 
so that the hot electrons generated are injected into a floating gate that is fabricated between the gate 
and the substrate in order to change the threshold voltage in order to write the data, and metal nitride 
oxide semiconductors (MNOS), in which the gate oxide layer is extremely thin and a tunneling 
phenomenon is used in order to inject charge into a trap between the gate oxide layer and a silica 
nitride layer fabricated thereon. In either case, writing data to a single transistor, or in other words, 
changing the threshold voltage of the memory by injecting charge, requires time in the order of 



Figure 1 is a cross-sectional diagram showing a model of the structure of FAMOS, where, in the 
figure, (1) is a p-type substrate, (2) and (3) are, respectively, a source and a drain of the n+ type, (4) 
is an insulating layer, (5) is a floating gate embedded in the insulating layer (4), and (6) is a control 
gate equipped with an insulator, on the top thereof. Figure 2 is a figure showing an example of the 
write characteristics of a FAMOS transistor, where, in Figure 2, the vertical axis shows the memory 
transistor threshold value and the horizontal axis shows the cumulative width of the applied pulse for 
writing. In this example, the threshold value of the memory prior to writing is 1.5V, and when 15 volts 
is applied to the drain and 25 volts is applied to the gate with the source at 0 volts, as is shown in the 
example of characteristics, the threshold voltage increases as the write pulse cumulative pulse width 
increases. Initially, the increase is rapid, but as the cumulative pulse width increases, the increase 
tends to reach saturation. Furthermore, the relationship between the write pulse width and the 
threshold is influenced by the memory transistor channel length, the oxide layer thickness between 
the substrate and the floating gate, the oxide layer thickness between the control gate and the floating 
gate, and the voltage of the applied pulse, resulting in the variability shown in curves (i), (ii), and (iii) in 
the examples in Figure 2. Generally, if the spacing between the source and drain in the memory 
transistor is large, then characteristics such as in the curve (iii) will be seen, and if the voltage appli d 
to the drain is increased, the characteristics seen in curve (i) are seen. When a large number of 
memory transistors are fabricated on the same substrate, there will be variability in the channel 
lengths, the oxide layer thicknesses, and the like, and, essentially, one must assume that there will be 
variability in the characteristics. 

Because the memory storage in a FAMOS-type memory transistor is formed through the electrons 
that are injected into the floating gate and that are trapped therein, it is necessary to change the 
threshold value through injecting a sufficient amount of charge into the floating gate in order to obtain 
a sufficiently long memory storage period. Given this, it is necessary to set an adequately long pulse 
width in consideration of the variability when programming these types of memory devices that 
include multiple memory elements, as described above. In the example in Figure 2, the write pulse 
width is set to at least 20ms because the transistors with the characteristics of the curve (iii) require 
20ms, even though 5ms is sufficient for the transistors exhibiting the characteristics of the curve (ii) 
and 2ms is sufficient for the transistors exhibiting the characteristics of the curve (i) in order to set the 
memory transistor threshold voltage, after programming, to 5V. When [the write time] is set to 20ms, 
18ms are wasted on the transistors with the characteristics in curve (i), and 15ms are wasted on the 
transistors with the characteristics of the curve (ii). As the number of memory transistors in the 
memory device increases, this wasted time increases as well. If the program pulse width is 30ms in a 
1000 bit memory device, then 30 seconds (30ms x 1000) would be required, and, if the average of 
the transistors shown by curves (i), (ii) and (iii) were taken, 21 seconds would be wasted time. As the 
memory capacity grows large, the wasted time in programming becomes unignoreable. This is the 
greatest drawback in this typ of memory device. 



milliseconds. 
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Here a conventional memory device will be explained first. Figure 3 (a) is a block diagram showing a 
example of a conventional memory device using FAMOS-type elements, and Figure 3 (b) is a 
drawing of the memory array and the peripheral circuits thereof. In the figures, (1) is a row address 
signal input terminal, (2) is a row address input buffer circuit (3) is a row address decoder, (4) is a 
column address signal input terminal, (5) is a column address buffer circuit, (6) is a column address 
decoder, (7) is a memory array, (8) is a column select circuit, (9) is a write/read switch (hereinafter 
termed "R/W switch") signal input terminal, (10) is a readout gate transistor, (11) is an inverter, (12) is 
a write gate transistor, (13) is a readout amplifier (hereinafter termed a "sense amp"), (14) is an 
output buffer circuit, (15) is a data I/O terminal, and (16) is an input buffer circuit. Furthermore, in 
Figure 3 (b), 17 is a row input terminal from the row address decoder (3), (18) is a column input 
terminal from the column address decoder (6), and (19) is an output terminal to the R/W switch 



Given this in the conventional device, the reading is performed as follows. A row address signal is 
supplied from the input terminal (1), and arrives at the row address decoder (3) after passing through 
the row address input buffer circuit (2), thereby selecting one of the row input terminals (1 7) of the 
memory array (7), so that a voltage (for example, 5V) is applied to the gates of the memory 
transistors that exist in that row. In addition, a column address signal to the column address signal 
input terminal (14) arrives at the column address decoder (6) after passing through the column 
address input buffer circuit (5), thereby selecting one of the column input terminals (18) of the column 
selection circuit (8) in order to connect the drains of the memory transistors in the selected column to 
the sense amp (13). Furthermore, the voltage level of the drain is controlled by the threshold value of 
the selected memory transistor, where, the threshold value will be in the vicinity of 1 .5V is a memory 
transistor that has not been programmed is selected, meaning that said memory transistor will be in 
an ON state, so the drain level will be a value near the ground point. Conversely, if a memory 
transistor that has been programmed is selected, then the threshold value will be in excess of 5V, so 
the memory transistor will be OFF, and the drain of the memory transistor will be electrically 
completely different from the ground point. 

This drain level is sent to the sense amp (13), where the signal is amplified and is outputted to the 
outside through the output buffer circuit (14). The data I/O terminal (15) is connected to the output 
buffer circuit (14) and the input buffer circuit (16). The input buffer (16) works as a buffer for receiving 
the write data signals when the memory device is being written to. A write gate transistor (12) is 
connected between the output of the input buffer circuit (16) and the column select circuit (8), and a 
readout gate transistor is connected between the column select circuit (8) and the sense amp (1 3) 
and, during reading, the readout gate transistor (10) is turned ON, and the write gate transistor (12) is 
turned OFF, with the opposite being the case when writing. 

As described above, if the writing is done using a pulse 20ms wide, then the write gate transistor (12) 
is turned ON for 20ms and the reading for verifying whether or not the writing has been completed 
turns on the readout gate transistor (10) so that the data that has been written passes through the 
sense amp (13) and the output buffer circuit (14) to be outputted to the data I/O terminal (15). 
Normally, writing to this type of memory device is done using what is known as a writer device. The 
writer device supplies the power supply for writing and reading, generates the address signals, and 
has functions for generating the data to be written for each of the addresses. Furthermore, [the writer 
device] checks whether or not the signal outputted to the data I/O terminal (15) when reading out after 
writing matches the data that should have been written. The mode that continuously reads out from 
an address after writing to that address is called the write verification mode, and the operations for 
writing and reading for the write operations is known as verification. In contrast, the g neral read 
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mode wherein each address is read out is known as the "read mode." In the write verification mode in 
this way, once it has been confirmed that the pattern that should have been written for a given 
address has been written, [operations] move on to the next address. In this way, the application of the 
write pulse (20ms wide), the readout, and the data check is performed by the write device using the 
output terminal signal, and this operation is repeated continuously until the final address. 

Another major shortcoming of the conventional example explained above is that the check regarding 
whether or not the writing has been performed must be done by a memory writer device that is 
external to the memory device, and the address progresses only after the check has been performed, 
and having the writer device have this function increases the cost of the writer device. 

(Summary of the Invention) 

In consideration of the above, the present invention has the aforementioned write check function built 
into the memory device itself, where a signal is sent to the outside after writing is completed for each 
address, so that the writing to the next address can be received from the writer device, thus providing 
a non-volatile semiconductor memory device wherein the burden on the writer device is reduced 
substantially and wherein there will not be wasted time in writing. 

(Example Embodiments of the Present Invention) 

Figure 4 is a block diagram showing an example embodiment of the present invention, and Figure 5 
shows a timing chart of the operations in this example embodiment. In the below, the same codes as 
in the conventional example indicate equivalent parts. In Figure 4, the location (20) enclosed in a 
dotted line is that which has been added to the conventional example in Figured. 

In Figure 4, (21) is a verification mode control signal that discriminates between the verification mode 
and the read mode, (22) is a switch transistor that switches according to the aforementioned 
verification mode control signal to be ON when in read mode, and OFF when in verification mode, 
(23) is a comparator circuit, (24) and (25) are gate transistors controlled by an R/W switch signal, 
which both turn ON when in verification mode and which provide to the comparator circuit (23) the 
data that is read out by the sense amp (13) and the data that is inputted from the data I/O terminal 
(15), respectively, (26) is an address increment trigger signal input signal (27) is a reset signal 
generator circuit that produces a reset signal after receiving the address advance trigger signal sent 
when a new address has been established, (28) is a flip-flop circuit that is set by the match output 
signal when a match is detected on the two inputs thereof, and (29) is an output terminal for the write 
complete signal from the set output of the flip-flop circuit (28). 

Figure 5 is a timing chart for explaining the operation in the present example embodiment, and the 
operations of the example embodiment will be explained regarding the figure. First the first address 
from the outside (in this case, from the writing device) is supplied to the address inputs (1) and (4) at 
the time to, and, at the same time, the data to be written to this address is inputted from the data I/O 
terminal. After this, at time t 1f after a specific time interval (T 0 in the example shown in Figure 4) the 
write pulse comprises a write part (t 1 is approximately 1ms) and a verify part (t 2 is several hundred 
microseconds), where this signal is inputted into the gate transistors (10) and (1 1 ) prior to the sense 
amp (13) as the R/W switching signal after being inverted, and controls the exchange of data signals 
with the sense amp (13) depending on writing and reading out (verification). In other words, when 
writing, the gate transistor (12) is turned ON, and during verification the gate transistor (10) is turned 
ON. After the write operation with the time t 1t the verify interval with the time t 2 is set, and at this time, 
the gate transistor (12) is turned off in the path between the input buffer circuit 16, and the memory 
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array (7), so that [the path] is cut off, and by turning the gate transistor (10) on p the contents of the 
memory are sent to the sense amp (13). When in the write verification mode, the signal to the 
verification mode control signal input terminal (21) is set to the low level, and the output of the sense 
amp (13) does not reach the output buffer circuit (14) because the switching transistor (22) is OFF. 
When reading in the normal read mode, the aforementioned verification mode control signal goes to 
the high level, and so the output from the sense amp (13) is outputted to the outside through the 
output buffer circuit (14). When performing verification, the gate transistors (24) and (25) are turned 
ON at the same time, and the data inputted from the data I/O terminal (15) and the data signal after 
passing through the sense amp (13) from the data that is read out from the memory are both applied 
to the comparator circuit (23), the reset signal generation circuit (27) generates a reset signal (low 
level) at the output when a new address is set, resetting the flip-flop circuit (28). When the output of 
the sense amp (13) and the data in the input buffer circuit (16) match, (or in other words, when the 
data to be written is already written to the memory, the output of the comparator circuit (23) is put to a 
low level, and the flip-flop (28) is set and the write complete signal is outputted to the terminal (29) as 
a high level signal, the writer device detects the transition in the write complete signal, and 
[determines] that the writing has been completed, and advances the address to the next write 
address. If in the initial verification the writing has not yet been performed adequately so that there is 
not a match in the comparator circuit (23), then the output of the comparator circuit (23) will remain at 
a high level, and there will be no change in the write complete signal, so the next write pulse is sent 
from the writer device at the same address. 

The example in Figure 5 shows an example wherein the writing has not yet been performed by the 
application of the write pulses and the time t 1( and where the completion of the writing is detected by 
the verification at the time (WO after applying the pulse at the time V As described above, if the write 
complete signal is at a high level, the address is advanced, and, at the same time, the data to be 
written to the new address is outputted from the writer device. At the same time, the address change 
is detected as the trigger signal, and a one shot pulse signal at the high level is generated at the reset 
signal generator circuit (27), resetting the flip-flop for generating the write complete signal, and 
returning it to its original state. In this way, if a comparator circuit for determining whether or not the 
writing has been completed, and a means for transmitting the results can be provided, it is possible to 
check whether or not the writing has been completed at each uniform short write pulse, doing so 
using a part that is built into the memory device, where, because the results are sent to the outside, 
the writing is shifted to the next address when the writing has been completed. 

(Effects of the Invention) 

As explained above, in the non-volatile semiconductor memory device according to the present 
invention, a verification function for performing verifications after writing is provided in the memory 
device itself, and a function that outputs a signal to the outside when the completion of the writing has 
been detected by said verification function is provided within the memory device itself, and thus 
pulses with short widths are used in writing and the writing is repeated until the writing is completed, 
making it possible to eliminate the wasted writing time and making it possible to greatly reduce the 
technical and cost burdens on the writing device merely by adding a few circuits to the memory 
device structure. 

4. Simple Explanation of the Drawings 

Figure 1 is a cross-sectional diagram of a FAMOS-type memory transistor. 
Figure 2 is a graph showing the write characteristics thereof. 

Figure 3 (a) is a block diagram showing an example of a conventional memory device. 
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Figure 3 (b) is a circuit diagram of only the vicinity of the memory array thereof. 
Figure 4 is a block diagram showing an example embodiment of the present invention. 
Figure 5 is a timing chart for explaining the operation thereof. 

In the figures, (1) is a row address signal input terminal, (3) is a row address decoder, (4) is a column 
address signal input terminal, (6) is a column address decoder, (7) is a memory array, (9) is an R/W 
switch signal input terminal, (10) is a readout gate transistor, (11) is an inverter, (12) is a write gate 
transistor, (13) is a sensor amp, (15) is a data I/O terminal, (21) is a verification mode control signal input 
terminal, (23) is a comparator circuit, (26) is an address increment trigger signal input terminal, (27) is a 
reset signal generator circuit, (28) is a flip-flop circuit, and (29) is a write complete signal output terminal. 

Note that in the figures, identical codes indicate either identical or corresponding parts. 



Representative: Shin'ichi [ILLEGIBLE] (and one other) 



Figure 3 

Figure 4 

Figure 5 

[UPPER LEFT] Write 

[UPPER MIDDLE] Verify 

[FROM TOP TO BOTTOM ON LEFT] 

Write pulse 

Address input 

Address increment trigger 

Reset signal 

R/W switch signal 

Verification mode control signal 

Write complete signal 

Data input 

Procedural Amendment (Self Initiated) 
Date: 3/16/1983 [STAMP: CONFORMING] 
To the Director of the Patent Office 

1 . Descriptor of Case: Patent Application S 57-21 99645 

2. Name of Invention: Non-volatile Semiconductor Memory Device 
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Figure 2 

[VERTICAL AXIS] Memory transistor threshold voltage 
[HORIZONTAL AXIS] Program pulse width (cumulative) 
[IN FIGURE] i, ii, iii 
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3. Amended: 

Relationship to the case: Patent Applicant 
Address: 2-2-3 Marunouchi, Chiyoda-ku, Tokyo 
Name: (601 ) Mitsubishi Electric Corp. 

Representative: Jin'yatsuro [??] Katayama 



4. Representative: 

Address: Mitsubishi Electric Corp. 

Address: 2-2-3 Marunouchi, Chiyoda-ku, Tokyo 

Name: (6699) Shin'ichi [ILLEGIBLE] [OFFICIAL STAMP] 

(Contact Number) 03 (213) 3421, Patent Department 

[STAMPED AS RECEIVED BY THE PATENT OFFICE, 3/18/1983, BY 

ICHIHARA] 

5. Subject of Amendment 

The Detailed Explanation of the Invention in the Specification. 



6. Details of the Amendment. 

Amend the specification as follows: 



Page 


Line 


Prior to Amendment 


After the Amendment 


2 


6-7 


Gate 


Control gate 


2 


7 


Between the substrate and 


In the insulating layer between the 
substrate and 


3 


2 


Insulating 


Through the insulating layer 


6 


8 


R/W switching circuit 


R/W switching transistors (10) and (12) 


6 


17 


Input terminal (14) 


Input terminal (4) 


7 


1 


Drain 


Drain, through the transistor (10) 

End of document 



[OFFICIAL STAMP OF THE REPRESENTATIVE ATTORNEY] 
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I CERTIFY, UNDER PENALTY OF PERJURY UNDER THE LAWS OF THE UNITED 
STATES OF AMERICA THAT WE ARE COMPETENT IN ENGLISH AND JAPANESE 
AND THAT THE FOLLOWING IS, TO THE BEST OF OUR KNOWLEDGE AND BELIEF, 
A TRUE, CORRECT, COMPLETE AND ACCURATE TRANSLATION OF THE 
ATTACHED DOCUMENT REGARDING PATENT APPLICATION NUMBER 
S 59-110096. 



JULY 23, 2003 




MARIAM NAYINY 

PRESIDENT 

IDEM TRANSLATIONS, INC. 
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